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In accordance with our contract, I am hereby submitting 
the report on the calibration and verification of the James River 
Estuary models prepared by Dr. H. s. Chen. As you know, both 
the hydrodynamic model and the biogeochemical water quality model 
are two-dimensional (vertically averaged) real-time models. 
As can be seen clearly in the figures in the text, the 
model gives predictions for a large number of points in the 
estuary, many more than could be surveyed by a field crew. The 
calibration of the model is quite good; the errors inherent in 
the model predictions are believed to be of the same order of 
magnitude as those inherent in field data sets. All important 
features of the system are simulated and predictions agree quite 
well with field observations, as can be seen in Figures 3.5. 
Some of the discrepancies which appear to exist are actually due 
to lateral variations in water quality, which are simulated in 
the model but are difficult to present in simple graphical form. 
The model is suitable for studies of water quality in 
the James River Estuary, such as determining the receiving water 
, impacts of waste load allocation schemes and nonpoint source 
loadings. Because the hydrodynamic model is. included, the model 
also can be used for flow conditions other than those existing 
at the time of the field surveys, such as moderate to high fresh-
water inflow to the estuary. 
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1. INTRODUCTION 
The Lower James River is part of the Hampton Roads 208 
study area, which consists of the Peninsula and Southeastern 
Virginia Planning Districts as shown in figure 1.1. Section 208 
of the Federal Water Pollution Control Act Amendments of 1972 was 
created to provide guidelines for the development and implementation 
of area wide waste treatment management plans. The waste management 
plans include not only the point sources of pollution from effluents 
of industrial and municipal waste water treatment facilities, but 
also the non-point sources of pollution from urban and non-urban 
storm runoff. 
In th:is study the Lower James River is considered to 
begin near Sandy Point. It meanders through the Southeastern 
Virginia Coastal Plains, while being augmented by its tributaries. 
Finally it ends at Old Point Comfort, where it exchanges flow mass 
with Chesapeake Bay. The river receives considerable wastes from 
point sources and non-point sources, it also absorbs .:1.nd dilutes 
wastes from the Upper James River and its tributaries. However, 
due to the large tidal prism of the James River, the present waste 
loads of the ten considered constituents seem not to have a strong 
environmental impact. 
The purpose of this report is to apply thE~ two dimensional 
hydrodynamic and biogeochemical water quality models to the Lower 
James River. In Chapter 2, the field surveys and data input for 
the hydrodynamic and biogeochemical water quality are discussed. 
The instruments and the analyses for the hydrodynamic and biogeochemical 
2 
water quality measurement are also documented, including the 
accuracy of the methods, to provide the reader information regarding 
the magnitude of errors inherent in the field data SE~ts. In Chapter 
3, the employed models are simply described. The calibrations and 
the sensitivity studies are included. The calibrated results and 
field observations are presented and discussed. Somu of the field 
data from the intensive surveys and two slack water runs are presented 
in the appendix. 
3 
ATLANTIC OCEAN 
Figure 1.1. Tidewa.ter Virginia snowing the Hampton Roads 208 Study 
Art•.J. and the Lo\\.·er James River. 
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2. HYDROGRAPHIC AND BIOGEOCHEMICAL WATER QUALIT~~ SURVEY 
2.1 Field Survey and Data Information 
The individuals in the Department of Physical Oceanography 
and Hydraulics (POH) of the Virginia Institute of Marine Science (VIMS) 
have conducted continually and intermittently hydrographic and biogeo-
chemical water quality surveys of the James River, since 1964 for 
water quality and since 1971 for hydrography. 
In this study the source of hydrographic data is from 
the intensive field surveys, U. S. Tide Table (1976) and U.S. 
Current Table (1976). The intensive field survey was conducted during 
July 12 through 21, 1976. Twelve sets of current m«~ters were deployed 
at the twelve anchored stations to measure current speed and direction 
at several depths. The vertical spacing of current meters was 
generally about ten feet. The reader is referred to ''Current Meter 
Data, James Riv1ar" stored in the POH Department of VIMS for details. 
The hydrographk data from intensive survey, tide table and current 
table are used as reference to model the flow circulation and water 
elevation of the Lower James River. 
The biogeochemical water quality data of one intensive 
field survey and two slack water runs is used for calibration. The 
intensive water quality field survey was conductedia~ twenty nine 
anchored stations during July 15, 16, 20 & 21, 1976. One low and one 
high slack water run were conducted on August 23 and 24 respectively 
at twenty two locations along the r.iver. The sampled biogeochemical 
water quality variables include temperature, conductivity, dissolved 
oxygen (DO), biochemical oxygen demand (BOD) , total Kj eldahl nitrogen 
5 
(TKN), chlorophyll "a", fecal coliform bacteria, total phosphorus, 
soluble reactive phosphorus, ammonia-nitrogen, nitrite-nitrogen and 
nitrate-nitrogen .. 
2.2 Instruments and Analysis 
Type 1381 Histogram current meters manufactured by 
Braincon Co. were used for current measurement. This Braincon 
current meter is a graphic photo-recording instrument which measures 
and records the speed and direction of water currents. Current speed 
range is 0-5 knots (8.44fps or 2.57 m/s) with accura1:y of+ 3% full 
scale and current direction range is 0-360° with accuracy of± 10°. 
Conductivity and temperature were measured using an 
InterOcean Model 513 CTD instrument. Salinity was c.alculated from 
conductivity and temperature according to a regression formula based 
on laboratory calibration. 0 Temperatures are accurate to 0.1 C; 
salinity is accurate to 0.1 parts per thousand (ppt). 
Dissolved oxygen concentration was deter~ined in the 
laboratory by means of titration (Winkler method, Azide modification). 
The accuracy of this method is considered to be 0.1 milligrams per liter. 
For the others the methods of APHA-AWWA-WPCF (1975) and 
EPA (1974) were employed and are briefly listed in the following. 
The reader is referred to APHA-AWWA-WPCF (1975) and EPA (1974) for 
details. 
Fecal Coliform Bacteria: 
Standard Method (908, 908C) Multiple-Tube 
Fermentation Technic for Members of the 
Coliform Group. Fecal coliform MPN procedure. 
6 
Ammonia-Nitrogen: 
Standard Method (418, 418C), Nitrogen (Ammonia), 
Phenate Method 
EPA Storet No. 00610, Nitrogen, Ammonia 
(Automated Colorimetric Phenate Method) 
Nitrite-Nitrogen: 
Standard Method (420), Nitrogen (Nitrite) 
EPA Storet No. 00630, Nitrogen, Nitrate-
Nitrite (Automated Cadmium Reduction Method) 
Nitrate-Nitrogen: 
Standard Method (419, 419C), Nitrogen (Nitrate) 
Cadmium Reduction Method (Tentative) 
Total Kjeldahl Nitrogen (TKN): 
Standard Method (421) Nitrogen (Organic) 
EPA Storet No. 00625, Nitrogen, Kjeldahl, total 
Total Phosphorus: 
Standard Method (425, 425CIII), Phosphate 
Preliminary Digestion Steps for Total Phosphorus -
Persulfate Digestion Method 
EPA Storet No. 00665, Total Phosphorus 
Orthophosphate: 
Standard Method (425), Phosphate 
EPA Storet No. 00671, Dissolved Orthophosphate 
Biochemical Oxygen Demand: 
Standard Method (507) Oxygen Demand (Biochemical) 
EPA Storet No. 00310, Biochemical Oxygen Demand 
(5 days, 20°C) 
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3. MATHEMATICAL MODEL STUDY 
A two-dimensional real-time mathematical model, which combines 
hydrodynamic and biogeochemical water quality systems, is employed to 
simulate flow circulation, water elevation and water quality distribution 
in the Lower James River, 
The hydrodynamic system is based on the vertically averaged two-
dimensional continuity and momentum equations and is briefly described 
in the work by Chen (1978). The approach for solving the system is 
somewhat similar to the works by Connor and Wang (1975) and Wang (1975). 
The computer program, CAFE by Water Resource & Hydrodynamic Laboratory 
MIT, is also employed with slight modifications in this study. 
The biogeochemical water quality system and its. numerical 
computer program is based on the work developed by Chen (1978). The 
system is based on the vertically averaged two-dimensional conservation 
of mass equation, which is derived from the three-dimensional conserva-
tion of mass equation. The system consists of ten coupled sub-systems, 
corresponding to ten constituents; namely, salinity, coliform bacteria, 
phytoplankton (chlorophyll "a"), organic-N, ammonia-N, nitrite-nitrate-
N, organic-P, inorganic-P, CBOD, and DO deficit. Salinity and coliform 
bacteria are treated separately as independent sub-systems, while·the 
other eight constituents are coupled together through reaction 
processes. The inter-reactions for the ten constituents are illustrated 
in the sc_hemati.c diag_ram on the following. pag.e. The rate 
of reaction processes are assumed to be one of the following two 
types: Michaelis-Menton (saturation) reaction kineticB for nutrient 
uptake by primary producers, and first order kinetics for the others. 
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The model is capable of receiving waste loads from both point and 
non-point sourc4~s. The numeric.al approach uses Galerkin' s weighted 
residual finite element scheme for spatial coordinates and the 
trapezoidal rul1~, finite difference scheme for the temporal coordinate. 
For a detailed description of the theory and numerical scheme, the 
reader is ref er1red to the work by Chen (1978). 
3.1 Finite Element Network of the River 
Thn~e U. S. C&GS maps (1974), numbered 562, 529 and 530, 
are used to provide the information on coastal configuration and 
topography for the geometric input to the system. The network of 
finite elements of the Lower James River, from Sandy Point and Sloop 
Point to the river mouth ·(Old Point Comfort and Willoughby Beach), is 
shown in figure:; 3. la & b. The figures illustrate the nodal and 
element positions. The typical length of an element is 1.2 to 3 km, 
depending on thta desired accuracy. Figure 3. le is the locally averaged 
mean water depth, being the mean low water depth corrected fo.r mean 
tidal height and NGVD (1929) (National Geodetic Vertical Datum 1929). 
3.2 Hydrodynam:ic Model 
The tidal information is obtained from U.S. Tide Tables 
(1976) and is adjusted by NGVD (1929) data. The input of free surface 
superelevation (mean sea level minus NGVD (1929)), tidal height and 
phase lag at fifteen locations are listed in Tables 3.la&b. It is 
believed that the free surface superelevation is pa.rtly contributed 
by freshwater d:ischarge from upstream and tributar:i.es. 
Tidal heights and tidal current from U.S. Tidal Table and 
U. S. Tidal Cur:rent (l 9"Z6), and the intensive surve.y field current data 
are used to calibrate the bottom friction coefficient Cf and flow 
9 
eddy diffusion coefficients, e 
xx' 
e and e The results show a 
xy yy 
good fit for cf= 0.0064, 2 e = e = e = 100 m /sec. Figures 
xx xy yy 
3.2a thru Dd illustrate the fluctuations of :flow cit·culation and 
free surface elevation within a tidal cycle. . Note that the free 
surface elevation in figures 3.2a thru dis referred. to the NGVD 
(1929) • 
The ,computed results of flow circulation. and water ele-
vation serve as input to the biogeochemical water quality system. 
3. 3 Biogeochemkal Water Quality Model 
Wast1:! loads to the Lower James River are of two types: 
point sources wh:lch are the outfalls from municipal and industrial 
waste water treatment facilities and non-point sources which are the 
wastes contained in the storm runoff from the basins. In this work 
the point source data is supplied by Betz Engineering, Inc. and shown 
in figure 3.3 and tables 3.2 a & b. 
The.non-point sources, calculated from the field data 
sampled by VIMS, were supplied by Malcolm Pirnie Engineers. The non-
point source locations and data are shown in figure 3.4 and tables 
3.3a & b. The average value in table 3.3b is used for calibration. 
For the boundary conditions at ten locat:Lons, the concen-
tration of each constituent is assumed to be constan1: and thf? average 
value of the inte:nsive survey. field data. They are tabulated in 
table 3.4, see fi.gure 3.la for nodal locations. 
Calibration of the biogeochemical water quality system 
is rather difficult and time consuming since numerous parameter 
constants are involved. A trial and error approach I,y comparing the 
computer results with the field data is employed. The calibrated 
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results of biogeochemical water quality and the field data at several 
locations show satisfactory agreement as illustrated in figures 3.Sa 
thru j. The calfbrated physical and biogeochemical· parameters are 
tabulated in table 3.5. The computed result of each constituent 
averaged over a tidal cycle is shown in figures 3.6a thru j. 
3.4 Sensitivity 
The model includes many biogeochemical water quality 
parameter constants. Much information can be gained by studying 
the sensitivity of predicted concentration distribut:Lons to one 
of the parameters1, while keeping all others unchanged. 
Several sensitivity runs were made, with typical results 
illustrated in tables 3.6a thru j. Note that each set of water quality 
in the tables is the average value of the last tidal cycle in an eight-
tidal-cycle run, all starting from the same initial conditions. Note 
also these results are not universal, but depend on the initial 
condition and the: range of parameters used. 
Based on these computed results and on the way the mathe-
matical model is built, the general pattern could be stated as follows: 
The increase of dispersion coefficients, e:1 and e: 2 , tends to smooth 
water quality distribution throughout the river. Tht~ increase of 
coliform dieoff rate, k2 , tends to decrease coliform bacteria. The 
other parameters affecting on the water quality dist1ributions could 
be summarized in table 3.7. In table 3.7, the inter·-reaction processes 
among the constituents and by the parameters are only short-term 
immediate reactions. The long term reactions shall use the table 
successively and iteratively. 
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Note that in table 3.6a there is low sensitivity of 
salinity to the dispersion coefficient. This is probably due to 
the smooth distri.bution (therefore small gradient) of salinity, 
making the dispersion effect insignificant. 
3.5 Discussion 
Since. numerous physical and biogeochemical parameter 
constants are involved in the system, the simulation of water 
quality in a large estuary is difficult, expensive and time-consuming. 
Furthermore, the calibrated parameter constants might: not be unique 
in the real situation. However, the.model is able to reproduce the 
hydrodynamic and biogeochemical water quality behavior of the Lower 
James River with satisfactory accuracy as shown by comparing model 
predictions and observed field data (see figures 3.5a thru 3.Sj). 
Salinity and fecal coliform bacteria are two somewhat 
independent sub-systems. Observed depth averaged salinity varies 
smoothly from 21 ppt at river mouth to 0.17 ppt at upstream near 
Sandy Point. It indicates that the river is fresh at upstream end, 
but toward downstream it experiences seawater intruston and salinity 
stratification is observed, particularly, near Newport News. At 
some locations the salinity difference between river bottom and 
surface is measured as high as 5 ppt. Between storm events observed 
fecal coliform in the Lower James River is generally less than 20 
MPN/100 ml. It is far less than the Virginia Water Quality Standard 
for water supplie:s and primary contact recreation, a log-mean of 
200 MPN/100 ml. In the Elizabeth River and the zone of the James 
under its influence the coliform count may reach 250 MPN/100 ml. 
However, following storm events coliform counts may :rise several 
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times, particularly some locations near the Elizabeth River and the 
Nansemond River. Nevertheless, based on the Virgin:La water quality 
standard on coli.form counts, much of Lower James River is suitable for 
primary contact recreation and the propagation of ftsh and aquatic 
life. 
Observed chlorophyll "a" concentration were generally in 
the range of 1 to 14 µg/ 9~, well below the algae bloom level of 
40 µg/£, suggested by the Annapolis Field Office of the Environmental 
Protection Agency (EPA) in a study of the Upper Chesapeake Bay. This 
mild algae growth is limited by the availability of nitrogen and the 
effect of deep water. Observed nutrients indicate that inorganic 
nitrogen concentrations were in the range of 0.1 to 0.75 mg/t and 
inorganic phosphorus concentrations were about 0.05 mg/£ throughout 
the river, compared with the values: Inorganic nitrogen - 0.8 mg/£ 
and inorganic phosphorus - 0.04 mg/£ (0.12 mg/£ as F04), which are 
the minimum nutrient values to sustain an algae leve:l of 40 µg/R,. 
The deep water of the river, averaging 5 m, also con.strains the growth 
of phytoplankton, due to loss of solar radiation through depth because 
of turbidity. · The river is quite turbid, secchi-disc depth reading 
shows an average of 0.98 m with 0.4 m near the conjunction of the 
Chickahominy and 1.3 min the river zone of Newport News. Observed 
chlorophyll "a" concentrations also show significant differences 
between river su:rface and bottom during daytime. 
Dissc)lved oxygen (DO) concentrations observed in the Lower 
James River are generally satisfactory with average DO level above 
5.5 mg/'l, even rn~ar the river bottom DO values are still above 4.5 
mg/'l, well above the 4 mg/'l water quality standard. Point sources and 
13-
non-point sourcets for DO deficit are around 750 to i•90 kg/day 
respectively, beting comparatively small amounts for a large estuary 
like James River. (DO deficit is defined as saturation DO minus DO; 
the loads are calculated by water discharge of point and non-point 
sources multiplted by DO deficit.) Observed carbonaceous biochemical 
oxygen demand (C:BOD) concentration averaged around 2 mg/i. This 
low value is expected for a huge tidal prism, although CBOD loads 
are of the order of 8,000 kg/day. It appears that present CBOD 
loads have only little impact on the DO deficits. Similarly, due 
to the low concEmtration of chlorophyll "a", diurnal DO variations 
subject to photosynthesis in the daytimes and respi:ration during 
nights are not significant. Additionally, the DO d,~and by dead 
phytoplankton as they decompose is, therefore, also insignificant. 
High DO concentration may also be aided by meteorological effects 
on the large river surface and heavy traffic of marine vehicles, 
which generally increase reaeration and diffusivity in the river. 
Large values of reaeration and dispersion coefficients are used in 
the calibration model study. 
In summary, the water volume of tidal prism for the 
James River is of the order of 109m3 (billion cubic meter), according 
to Cronin (1971). As a result, the present waste loads which are 
discharged into the river are greatly diluted to low concentration 
levels by the huge tidal flushing. Based on the Virginia water 
quality standard, except at some locations near the Elizabeth River 
and the Nansemond River, where fecal coliform counts may occasionally 
exceed 200 MPN/:LOOmt, each constituent of biogeochemical water 
quality considered is within satisfactory levels. Therefore, as 
far as the present situation is concerned, the waste loads and 
14 • 
wastes which have been modeled and studies in this investigation are 
not likely to have a strong impact on the water quaU.ty of the Lower 
James River. However, for future development, a care~ful management of 
James River water quality system is still a necessity. 
15 
Table 3.la.So~c Tide Data of Lower James Riv~r. 
I I ~c:\:Y- ( 1929 )- -rr~an T i<lal ·--------Pl:.-, .... ~'. La1·. Location --· -------·r-:·-. -·--·-- ----~-------- -, ~lU.J i Height High \fa ter I L~11,·. \,\.~er'. .-\v~ r .. 1 _ 
i c~> (m) (, 1 r .....• ) i-- . _ . 
LI I I Old Point Comfort lo.396 0.366 -00: 11 -vu:35 -00: 2 "} 
: 
-- ·---~ -I 
I s~wells Point i0.390 0.366 00:00 00:00 (_:o: Ou 
-·----
.. 
I 
! 
.i 
I 
Norfolk Harbor 0.466 o. 396 00:13 00:19 \ 00:16 
[o.399 
..• I 
-·-
Newport News 0.396 00:20 00:18 I 00:19 I 
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Table 3.lb.Tidal Input for the Lower James River Hydrodynamic Model. 
Nodal 
Point 
Free Surf ace: 
Superelevation 
( Referenced. to 
NGVD (1929)) 
(m) 
Tidal Height 1-- Phase Lag ! 
( Ref er_enc~d ~ to I 
1
1 Sewells Point) i 
. I (sec) : (m) i ! 
----+--------------1.-----------+-, --·------
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Figure 3. la Finite Element Network of Lower James 
,:: 
River showing Nodal Positions and Some 
Field Survey Stations. 
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River showing Element Locations. 
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Figure 3.2a Instantaneous Water Elevations, 
Time is referred to Flood Mid-Tide 
at Sewells Point (see footnote 
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Figure 3.2b Instantaneous Water Elevation, 
Time is referred to Flood Mid-Tide 
at Sewells Point. (see footnote, 
Figure 3. lc) 
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Figure 3.2C Instantaneous Flow Circulation, 
Time is referred to Flood Mid-Tide 
at Sewells Point. 
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Figure 3.2c Instantaneous Water Elevation, 
Time is referred to Flood Mid-Tide 
at Sewells Point. (see footnote, 
Figure 3.lc) 
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Table 3.2a Municipal And fndustrial ~1ste Loads of Lower James River, 1976. 
----··¥ ----- --
I-~ l (' ~·, t. ~ l t l . ',, L Org-P Inorg-P CBOD DO deficit . ; , •:.; 1. );C Cul if o u:: 
1 111tl.,1il ·,. 
(':i·'/-; ) ( ht 1-n/day) 
--·--·-----·--·- .. -·----·--·---···----·--- ·-----
8 T:J 10 4.38E-5 - 4.)3F.-l 2.53E-2 9.84E-4 4.!0E-3 l. 76F-3 
4.60F.-3 - l.27E 0 R. IOF.-2 1.80F.-2 2.40E-l 6.40E-1 S.49E 0 
' 1) 't 9.75E-l - 4.41E 2 l.80E 3 8.43E 0 t,. 25£ 2 1.82E 2 2. l 9E 4 
'. ; ': n2 
·, 
2. lSE-3 1. 60E-1 S.56E-l 5.56E-1 3.70E-2 S.20E-2 2.00E-2 2. 6(·F:- l 
49 i,.I:d8 S.25E-6 2.00E-1 7.79E-l 1.99E-3 9.95E-4 3.83E-3 l.64E-4 3.4GE-1 
54 
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30 
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i ~;n4 
r ,rn 7 
f ':09 
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lI'.'·;20 
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6.60E-5 
4. lOE-4 
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1. 2 IE-2 
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Table 3.2b.Point SourcPs for the Lower James River Water Quality Model. 
--- -- --- ····-···---·-·--- ··-··-------·- ------ ·- - ······-····· -·-------------·- --··------- -·--------· ----·-· ---------
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30 62.20 0.70 0.00 0.00 
14 170.20 0.40 0.00 10.70 
Industrial Sources(* "A" Industries) 
INlO - Fass Bros. Fish 
IN19 - Newport News S&DD* 
IN02 - Arkell Safety Bag 
IN18 - Martin & Richardson 
IN04 - Benson Phillips 
IN07 - Chesapeake & Ohio RR 
IN09 - Exxon Co. 
!NOS - Blake & Bass Seafood 
IN20 - GLD Dominion Crab 
IN23 - Menzel Bros. 
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IS40 - Sheller-Globe* 
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Municipal Treatment Plants 
BH = Boat Harbor (HRSD) 
JR= James River (HRSD) 
WBG = Williamsburg (HRSD) 
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Table J.1a Total Non-point Sources of Wastes Over A Period of 61 Days from June 17 - Att~.16,1976 
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Table 3.3b. Daily Non-point Sourct.~s for the Ll~wr•r J anu.· ~; River Watt· r Quality ~1oile 1. 
----- ---·--· - - --------- ·-·--------·--'"' ·- ------ -· --· - -
E lcmt•nt t,,1 lini ty Coliform Chloroph Org-N Ammon-N Ni-Na-N Org-P Tnorg-P CBOO DO nd tcit 
~·1wdh· r (f.·/:1·1v) (b L 1-n/day) (Kg/day) 
.. -·-···--··--. 
----·-·---· ·----- ·--·-··---- -·- ------- ---- --------· -----------
8 4-L~ .00 362.59 0.02 5.42 1. 35 2.90 0.68 0.29 26.27 t •• 12 
7 lll36.RO 793.90 0.05 12.78 '3.19 6.8S 1.64 n. 70 h4.2J 1 d. "16 
13 2J9.20 191.92 0.01 3. l/i 0. 79 1 • 68 0.40 n. I 7 l) . ') ]_ /. ')9 
2-'. 518.t,O ld6. 84 0.02 6.29 1. 5 7 3. 3 7 o. 78 n.JJ ~ l . -'t ,·. C) o 18 
.'I) l 12 3. 20 186.3.97 0 .05 16.22 /L()) 8.69 2.06 l) •• ~8 gs. ·:.;1> t I • 2 3 
!f9 o.no 11.49 0.00 0 .19 0.05 0.10 0.02 0. 0 l 0. 9-4 0.00 
5'· t 172.80 149.39 0. 01 2.51 0.61 1. 35 0. 12 0 .14 12.17 l.72 
80 172.80 155.13 0 .01 2.61 0.65 1. ',O 0.13 0.14 12.G3 l. 72 
86 86.40 120.66 0.00 2.03 0.51 1. 09 0.26 0.11 9.83 0. SfJ 
93 l 72. 80 137.90 0.01 2.32 0.58 1 ) l • L. '+ 0. 2 ') 0.13 11. 23 1. 72 
92 1382. 40 1005.98 0.06 14.52 3 .63 7.78 l. 83 0. 79 72 .98 13.82 
108 950.40 742.97 0.04 11.09 2.77 5.94 1.39 0.60 54.60 C). so I.,..) \JI 
115 259.20 171.56 0.01 2.89 0.72 1.55 0.36 0.16 14.84 2.59 
121 1209.60 788.75 0.06 12.37 3.09 6.63 1.50 0.64 60.25 12.09 
1?8 4320.00 1942.11 0.21 30.95 7.74 16.48 3.90 l. 6 7 155.93 43.20 
135 86.40 29.39 0.00 1. 77 0.44 0.25 0.33 0.14 6.09 0.86 
1/;4 86.40 37.78 0.00 2.27 0.57 0.32 0.43 0.18 7.83 0.86 
152 86.40 37.78 0.00 2.27 0.57 0.32 0.43 0.18 7.83 0.86 
159 86.40 25.19 0.00 1.51 0.38 0.21 o. 28 0.12 5.22 0.86 
167 86.40 27.29 0.00 1.64 0.41 0.23 0.31 0.13 5.66 0.86 
173 86.40 35.68 0.00 2.14 0.54 0. 30 0.40 0.17 7.40 0.86 
179 1 7'JP. .nn 693.74 0.08 36.28 9.07 5.04 5.78 2.48 120.57 17.28 
188 259.20 391. 72 0.01 8.63 2.16 1.20 2.56 1.10 31.30 2.59 
195 1036.80 1209.56 0.05 26.91 6.73 3.74 7.07 3 .03 101. 98 LO. 36 
197 l 7.0'). 60 1456.33 0.06 32.46 8.12 4.51 8. 39 3.60 122.63 12.09 
200 r,0 1~. 80 835.76 0 .03 18.89 4.72 2.62 4.55 1. 95 70 .26 6.04 
204 0.00 39.68 0.00 1. 30 0.32 0.18 0.40 0.17 4.64 0.00 
210 0.00 38.31 0.00 1.25 0.31 0.17 0. ]9 0.17 4 .48 0.00 
216 0.00 35.57 0.00 1.16 0.29 0.] 6 0.36 0.16 4.16 0.00 
220 2592.00 3824.63 0. 12 83.61 20.90 11.61 22.64 9.70 112.81 25.92 
//9 604.80 296.54 0.03 1 l. 26 2.81 1. S6 2.48 l .06 t.2. 80 6.04 
?t,? 9590.40 5388.21 0. t. 7 n6.51 54. 1 3 '30.07 1\6 .CJS 20 .12 751. 58 'Vi .90 
--·-·-· -·- ---·-----------·-·--- ---·-·--·-··- ---- --- . - -·--·-· ----·-- - -·- - . -- ---------··-· ·- . ·- ---- ---· ---·-- -------- -·- ·-- -- -~--- -~ ~ 
Table 3.3b (Cont'd) 
- ----------- ·-·-· ----
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-·-----·----- ----· .. --- ·-·····-· - ····-- -- --- ---· --------. -- - -·------
Elc:nent Salinity Coliform Chloroph Org-N Ar:l!;;on-N Ni.-Na-N Oq;-P Inorg-P CBOD DO Def lei t 
~umber (Kg/day) (bil-n/day) (Kg/day) 
--·-----·- - -------· -------·- --· ------------------ -· ----· .... 
/.'d ii23.20 245.23 o.os """'" / () ' I ') I. •) ., I. ')..., 1 O'l ...,..., 01 1 1 ') 'l JI.I. ~•o I • o t.. '+ • :. J 1-t •LI .LoUJ I I o .J .L .I...L. ~J 
254 691. 20 96 .11+ 0.03 ll .S6 3. t. 7 1.93 1.97 0.85 41.85 6.91 
251 8'1.40 10.93 0. 00 l. 58 0.19 0.22 0.22 0.10 4.76 0.86 
247 172.80 19.67 0.01 2.84 o. 71 0.39 0.40 0.17 8.56 1. 72 
2~1 172. 80 21. 85 0.01 3.15 (}. 79 0.44 0.45 0.19 9.51 1. 72 
236 172. 80 19.67 0.01 2.84 0. 71 0.39 0.40 0.17 8.56 1. 72 
232 172 .80 21.85 0.01 3.15 0. 79 0.44 0.45 0.19 9.51 1. 72 
228 172.80 19.67 0.01 2.84 0. 71 0.39 0.40 0.17 8.56 1. 72 
223 950.40 128.70 0.04 18.85 !+. 71 2.62 2.76 1.18 56.60 9.50 
Vo) 
224 1900.80 287. 77 0.09 40.33 l:).08 5.60 5.82 2.49 116. 06 19.00 
°' 219 518.40 96. 72 0.02 12.32 3.08 1. 71 1. 72 0.74 12.00 5.18 
215 1814.40 411.14 0.09 so. 7 t. 12.68 7.05 6.85 2. 9!• 122. 25 18.14 
209 691. 20 165.96 0.03 20.54 5.13 2.85 2.76 1.18 48.62 6.91 
172 3196. 80 527.23 0.15 70. 73 17.68 9.82 9.81 4.21 189.44 31.96 
85 259.20 382.17 0.01 11. 71 2. 9] 1.63 2.87 1.23 33.87 2.59 
76 2419.20 3439.54 0.12 105.39 l6.35 14.64 25.81 11.06 304.80 24.19 
61 691.20 472.33 0.0) 17.12 4.28 2.38 2.06 0.88 63.52 6.91 
60 172.80 2.59 0.01 0.28 n.01 0.15 0.03 0.01 1. 57 1. 72 
59 172 .80 2.49 0.01 0.27 0.07 0.14 0.03 0.01 1.51 .. .,,, J. • I L 
53 172 .80 2.49 0.01 0 .27 0.07 0.14 0 .o 3 0.01 1.51. 1. 72 
48 172.80 2.39 0.01 0.26 0.06 0.14 0.03 0.01 1.45 1. 72 
30 345.60 226.69 0.01 4.17 1.04 2.23 0.53 0.23 20 .14 3.45 
23 259.20 170 .01 0.01 3.13 0. 78 1.68 o. 39 0.17 15.10 2.59 
17 172. 80 132. 23 0.01 2.43 0.61 1. 30 0.31 0.13 11. 75 1. 72 
15 172 .80 132. 23 0.01 2.43 0.61 1. 30 0.31 0.11 11. 75 1. 72 
14 1814.40 1246. 77 0.09 22.94 5.74 12.29 2.89 1.24 110.76 18.14 
-··----------··------· - .. --- - . --·· ·----~- -· --- ·---. --·-···-------- ------·---·---·-··-
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(ppm) 
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(ppm) 
0.08 
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0.10 
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0.10 
0.13 
O.lJ 
0.19 
0.24 
O.n-'~ 0.24 
--·--- ···-. -·----·-···-J_ _____ _ 
(Nodal points shown in Figure 3.la) 
lnorg-P 
(ppm) 
0.02 
0.03 
0.02 
0.03 
0.05 
0.02 
0.05 
0.05 
0.02 
0.02 
CBOD 
(ppm) 
1. 77 
1.68 
1. 5S 
1. 75 
2.77 
2.22 
3.17 
·3 .17 I 
1. 76 I 
DO Deficit 
(ppm) 
1.24 
0. 78 
0.12 
0. 5:3 
0.60 
0.36 
1. 22 
1. 22 
1.10 
1.76 I 1.10 . 
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Figure 3.5a. Field data and calib:rated results of salinity at some locations along 
the Lower James.River. See figure 3.5 for the meaning of the symbols 
and figure 3.la for the field stations and nodal points. 
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Figure 3.5c. Field data and calibrated results of chlorophyll "a" at some locations 
along the Lower James River. See figure 3.5 for the meaning of the 
symbols and figure 3.la for the field stations and nodal points. 
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. . . .~ the Lower James River. See figure 3.5 for the meaning of the symbols 
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• Figure 3.Se,. Field .data and calibrated results of ammonia-N. at some· locations 
along the Lower James River. See figure 3.5 for the meaning of 
the ·symbols and figure 3.la for the field stations and nodal points. 
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locations along the Lower James River. See figure 3.5 for the 
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meaning of the symbols and figure 3.la for the field stations 
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Figure 3.5g. Field data and calibrated results of organic phosphorus at some 
locations along the Lower James River. See figure 3.5 for the 
meaning of the symbols and figure 3.la for the. field stations 
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.Figure 3.5h. Field data and calibrated results of inorgani~ phosphorus at some 
locations along the Lower James River. See figure 3.5 for the 
meaning of.the symbols and figure 3.la for the field stations and 
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·.Figure 3.51. Field data and calibrated results of CBOD at some locations along 
the Lower James River. See figure 3.5 for the meaning of the 
, symbols and figure 3.la for the field stations and nodal points. 
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Table 3.5. Calibrated Values for Hydrodynamic and Bio~eoche~ical 
Water Quality Parameters. 
Parameter Name Value and Unit 
Dispersion coefficient El= 400 (-), E2 = 28 (m2/s} 
-----------Reaeration co~fficient k o = 8 (-) 
Coliform dicoT(~:-,;tv at 2_0_0_c _______ k_·2 = 0-.-4-i (l/dc1y) 
Phytoplankton optimum growth rate kg= 0.131 (1/day/OC) 
--------------- ---- - ----------------------- ------- --------- -- . Extinction coef!icient at zero k = 1.5 (1/m) 
e 
_ chlorophyl 1 cnnct.:ntrntio_n ________ _ 
Phytoplankton endogent•ous respiration k = 0. 0~(1/ day ;cc>"·---------- -
r 
rate 
Zooplankton grazing rate kz = 0.08 (1/day) · -
- --------------- - --------- ·- --------------------------------- - - ------- ------- -- ----·--
Michaelis nitrogt!n constant km-:1 = 0.dlS (mg/t) 
-·--------.. - -- . ·---·--·-·-------- ·-----------···-
Michaelis phosphorous constant kn'.P = 0. t),)h (mg/ i) 
. . --------- --- ---. -------- ... · -- -- .. ----_--- . .. ----- 7·· - --- . _- ·_· ~------Organic ~-KH3 hydrolysis rate k4 = tl.(,·).21 (1 da.y.',:.,.,,, 
--------- - -------------------
Nitrogen-chlorophyll ratio rn = O.()l)H1> (mg/ii 1•, 
-----------------. - ---------- ------------- --- ----·- "•·--· ., . - - -- ------- ·- - ... ------ - . -----
~HJ _ __.=-_ ~o 'i -~it r i f_i c:1_t_i on __ r a tc• _ .!') ~- _"_: 01; ,1 _ __ ~_lJ ~l~1~- _i __ ·- -_::} _____ _ 
0 r g an i c l' - i 11 o r : !, : rn i c P con v L'. rs ion r a t e k 7 = 0 • U; , :!. ( l / d .1 y / c· C ) 
.:.!~~~~~-;~~-~--t'.···--=- _c t 1 __ 1 _n_ :~ i-~ h y 11 _r_a_t_i_o _______ r p~ ;;; _ ()_ ._ l h) -s- -·( m -._~Jg)~=---==·---~·_ .. --
c BOD ox i l: at fr.:, r; 1 t e k 9 = t) • 0 7 ( 1 _I,! :i y) 
----·---. ---- ----- ·-·- ---- ------
Carbon - chL:ir·u;,l1yll r;:itio re = ·:.C!. (, .. ~/,.:g) 
--------- ----- ----------------- . ···--· ----- . - - .. - --------
Pho to s :· n t he t i c q 1J (> t i en t \ ~ , --, :;; 1 . -. 1 - ) 
------------ -·-·--------- .. -~- ·------· .... -- -------
Respiratory quotient k0 r = 1.0 (-) 
Ben thic '.)XY:~-:~~1 de_m_a_n_d------------:-(; -~- 0 ~-~--- .-- ·: ~,;-~--2-; d-.:..--, :·) 
S .. 11 in.:. • \ k1s = 0.0 
Coll . .ir:-. k2s = . ('I , ... •'I 
Settling and escaping rate 
Ch]1)t"O'"): '---~ 1 ;.;,35 = 0.0 
Or·,· 1:-·. i ~--\ 
-:-:~s = J.01 
A:a::· )11: 1- \' kss 0.0 (1 / day) 
Nitrite:-
'.\ i [ j", l t \. -:-: l< 6s = 0.04 
{fr 1 :: L..:-. I , ... f\. / s = 0.02 
l nc- ~ . ·. inic-P kSs = 0.05 
CBO:> kg. = 0.0 
DJ 1h:f icit ko; = 0.0 
Figure 3.6a. 
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Table 3.6a.Sensltivity of ~alinity 
Distribution to the Change of 
Various Parameters. 
~Odl! 
! ~ur.iher 
---- -- --·-- ---·--------· 
S;:ilinity (ppt) 
*Calibrated 
Kt1su It 
**q == 800 
'- 2 56 
I I --- - --·· ---- --------·· - I 
. 2 
18 
26 
47 
48 
49 
67 
81 
92 
112 
136 
149 
156 
173 
178 
21..B 
20.89 
20.02 
18.93 
19.07 
18.90 
15.03 
12.22 
12 .11 
11.91 
7. 5.5 
5.50 
3.00 
0.52 
0.17 
21. ·n 
l.0.89 
20.05 
18.97 
19.18 
18 .96 
15.32 
12.35 
11.95 
11. 32 
7.58 
5.74 
3.56 
0.86 
0.17 
* Values of Parameters are shown in Table 3.5 
i°dhlt~3.6b. Sen·-.itivity of Colifl)rm B.-1cterla 
Distribution to the Change of 
Various Parameters. 
~:ode 
I :<i 1: · 11t> r 
I 
I 2 
I rn 
26 
47 
43 
49 
67 
81 
92 
112 
136 
149 
156 
173 
178 
---------
Coliform Bacteria (MPN/100m£) i 
*Cnli.hratcd 
RPsult 
t~. 6 3 
6.06 
8.30 
10. 71 
13.46 
10.80 
5.39 
6.29 
4.46 
1.65 
6.27 
5.57 
10.14 
4.68 
5.14 
I 
·- t 
I 
I ,Hf:1 = 800 
€2 = 56 k2 = 0.82 j 
I 
·- --- -·-·-- -- -- ----- -----··- ----·--- ·----1 
4.63 
8.55 
11~.42 
20.85 
25.73 
21. 37 
9.83 
7.45 
6.00 
3.03 
5.80 
6.09 
9. 71 
6.54 
5.14 
/ ... 63 
1 •• 18 
4.43 
5.26 
7.35 
5.30 
2.42 
4.35 
2.82 
1.00 
3 .61 
2.58 
6.40 
2.95 
5.14 
I 
I 
! 
i 
** Only the Indicated Value is changed, while others remain unchanged as in Table 3.5 
T.-tble 3.6c.Scn~;il lvity ol <..hl,_,rophyll "." Di .. 11 ,h,11 i ;n to !"lit: i.han·.,.~, 111 i..,rlous Parameters. 
Cl1 l nrophy 11. QJ f./ ·,) 
Node *C~librated **£1=800 
rurnber Result ~2~56 k~=0.0042 L==O. n ! '< ) 
. -- -·-· ·- ---····· 
........ - ···- --· . __ .... ____ 
··--·- ··- ··-- -·-·· ----·--··- . 
2 • , I '~ • <J 4 -'i • <) 'i 1 ... ·) !+ 4 ' ; ·• 
18 4. 8 1 ·; .14 4.h4 4.MJ 
')_() 5.00 r:,. j8 .. ,, I 5. )'.) 
!, 7 5.28 6.13 5.28 5 .27 
48 5.21 6.08 5. 7 :! 5.?l 
49 5.22 6.10 5.21 5.22 
67 7.39 8.18 7 .40 7.19 
81 9.52 10.15 9.52 9.52 
92 7. 93 9.27 7. 93 7.92 
112 4.51 5.93 4.51 4.51 
136 1.55 2.02 1.55 1.55 
149 1. 30 1.65 1. 31 1. 10 
156 1.53 1. 76 l.53 1. 51 
171 2.40 2.49 2.40 2.40 
178 3.30 3.30 ·1. 30 3.30 
- ·---------- -----· -·-- ---- -----· 
* Vaiues of Paramet~rs nre showa in Taule 3.5 
k 7 :cf). 004 
i 
rn=0.010 k
9
,-0.ll+ 
r 
r =-=0.08 k =16 
C 0 
-- -- ------- ~ .. -- --·· • u--••• . -----·--·····---
1 ... 9~ '+ .94 4. 91 .. 4.94 4.94 
4.H5 4.80 4.83 4.83 4.83 
.5.ns : .. • 91 5.00 5.00 5.00 
5. 34 S. 12 J. 27 5.27 5.27 
5. l.8 5.05 5.21 5.21 5.21 
5.30 5. 05 5.22 5.22 5.22 
I .lt8 7 .18 7.39 7. 39 7.39 
9.59 9. 33 9.52 9.52 Q,52 
8.01 7.69 7.92 7. 92 7.92 
4.59 4.29 t •. 51 4.51 4.51 
1.57 1.53 1. 55 1. 55 1. 55 
1.13 1.28 1. 30 1.30 1. JO 
1.. 5 7 1. so 1.53 1.53 1.53 
2.Vi 2.37 2.40 2.40 2.40 
3.30 1.30 3.30 3.30 3.30 
--------·--------
** Only the Indicated Value is l·hanged, while others rerna in undwngP<l as in Table 3. 5 
°' 0 
T" h 1 e 3 • 6 d • St> n s i t l vi t y of Organic-N Distribution to the Change of Variow; P:1ra:ret:crs. 
·--=~---==-:·=· ~-==] I Organic N {mg/9,) I ------·----·--·---- ----I - •- - • ------·---- --------· ---- • i \' ,:l t: :\C:ll i bra ted **q =800 I 
i :,; 111:;h er Rt~SU l t £2=56 k4=0.0042 k5=0.018 k7=0.004 r ..:cl). 010 k9=0. 14 r =0.08 k =-=16 
l-
p C 0 
-- ·-· .... -·- -· ----- ------------------- ---·--··---------· - -----
2 0.1900 0.1900 0.1900 0.1900 0.1900 0. l 1JOO 0. I 900 0.1900 0.1900 
18 0.2050 0.2065 0.1955 0.2050 0.2050 0.2050 0.20.JO 0. :~050 0.?.050 
26 0.1968 0.2029 0.1784 0. 1968 0 .1968 0.1967 0.1968 0 .1968 0.1968 
°' 47 0.1918 0.2012 0.1667 0.1918 0.1918 0.1918 0.1918 0.1918 0. 1918 1--' 
:'.+8 0.1940 0.2032 0.1685 0.1940 0.1940 0 .1940 0.19-rn 0.1%0 0.1940 
49 0 .1938 0.2029 0.1683 0.1938 0.1938 0 .19 38 0.1939 0. 19 38 0.1938 
67 0 .1856 0.1950 0.1613 0.1856 0.1856 0.1856 0 .185{) 0.1~ 1.>A 0.1856 
Hl 0.1918 0.1970 0.1737 0.1918 0.1918 0.1918 0.1918 0.1918 0. 1918 
92 0.1827 0.1911 0.1609 0.1827 0.1827 0 .1826 0.1827 0. 1H27 0.1827 
112 0.1630 0 .1714 0.1354 0.1630 0.1631 0.1630 0.1610 0.1610 0.1630 
136 0.1521 0.1557 0.1250 0.1521 0.1521 0.1521 0 .1521 0.1521 0.1521 
149 0.1576 0 .1603 0.1304 0.1576 0.1576 0.1576 0.1576 0.1576 0.1576 
156 0.1.693 0.1723 0.1427 0.1693 0.1693 0. 1693 0 .169 J 0.1693 0.1693 
173 0.2000 0.2024 0.1862 0.2000 0.2000 0.1999 0.2000 0. 2000 0.2000 
178 0.2200 0.2200 0.2200 0.2200 0.2200 0.2200 0.2200 0.2200 0.2200 
* Values of Parameters are shown in Table 3.5 
:;-:, On_ly __ tl1_~ I_t:id_i_ca_ted Value is changed, while others remain unchanged as in Table 3.5 
T:1blt~ 3.6e. Sensitivity of Arnmonia-N Distribution to the Change of Various Parameters. 
- - . --··· ----- ---·----·-·--------------------------------- ----
Ammonia N (mg/ R.) 
- ---------·---··-----·· ···-----------··- -··- ---·---···-··------
\ ( ~ l : i • ~·-c;\ 1 ! l:,r:-1 ted **r:.1=800 
\•!. '.;er l{c·-.;ult £2=56 k4=0.0042 k5=0.018 k7=0.004 r =O .010 k9=0.14 r =0.08 k =16 p C 0 
--- ---- - ---- --------- --------·--------
! 0. I. 900 0.1900 0.1900 0.1900 0. 1900 0.1900 0.1900 0.1900 0.1900 ... 
1 :~~ 0 .134 7 0.1446 0.1419 0 .1182 0.1146 0.1347 0 .134 7 0 .134 7 0. 134 7 
26 0 .1151 0.1307 0.1282 0.0866 0 .1150 0 .1151 0 .1151 O.ll.51 0.1151 
47 O.U987 0.1202 0.1162 0.0632 0.0987 0.0')88 0.0987 0.0987 0.0987 
"' 48 0.0950 0 .1187 0.1127 0.0599 0.0949 0.0951 0.0950 0.0950 0.0950 N 
49 O.U942 0.1166 0.1119 0.0590 0.0941 0.0943 0.0942 0.0942 0.0942 
67 0.1137 0.1309 0.1309 0.0742 0.1137 0 .1138 0.1137 . 0.1137 0.1137 
81 0 .1419 0.1515 0.1551 0 .1089 0.1419 0.1419 0.1419 0.1419 0.1419 
92 0.1223 0.1401 0.1380 0.0864 0.1223 0.1224 0.1223 0.1223 0.1223 
112 0. J 791 0.0970 0.0982 0.0444 0.0791 0.0792 0.0791 0.0791 0.0791 
136 0.0561 0.0600 0.0751 0.0315 0.0561 0.0561 0.0561 0.011)1 0.0561 
lL.9 0."1"560 0.0593 0.0757 0.0315 0.0560 0.0560 0.0560 0.0560 0.0560 
156 0.L631 0.0658 0.0829 0.0371 0.0631 0.0611 0.0631 0.0631 0.0631 
173 0.0851 0.0866 (J.0967 0.0679 0.0851 0.0851 0.0811 n.oss1 0.0851 
178 0.1000 0.1000 0.1000 0.1000 0 .1000 0.1000 0.1000 0 .1000 0.1000 
---------
* V.:1.lucs of Parameters are shown in Table 3.5 
*-I' Only tht"! Indicated Value is changed, while others remain unchanged as in Table 3.5 
...•.... 
Table 3.6f.Sensitlvity of Nitrite-Nitrate-N Distribution to the Change of Various Parameters. 
------------
Nitrite-Nitrate N (m~/9,) 
- ----- - --- ·- ------------ -------
~;<)de *Calibrated **r..,=800 
.l. 
I ~!umber Result cz=56 k4=0.0042 k5=0.01s k7=0.004 r =0.010 k9=0.H r =0.08 k =16 p C 0 
-··----·-- -·-- --
2 0.0600 0.0600 0.0600 0.0600 0.0600 0.0600 0.0600 0.0600 0.0600 
18 0.1088 0.1034 0 .1111 0. 1244 0 .1086 0.1092 0.1088 0.1088 0 .1088 
26 0.1746 0.1649 0.1797 0.2012 0.1741 0.1756 0.1746 0.1746 0.1746 
°' 47 0.2371 0.2303 0 .2449 0.2703 0.2363 0.2389 0.2371 0. 2371 0. 23 71 w 
48 0.2259 0.2184 0.2338 0.2587 0.2250 0. 2277 0 ')')-<l ·--_)~ 0.2259 0.2259 
49 0.2327 0.2265 0.2407 0.2656 0.2318 0.2346 0. 2 327 . 0.2327 0.2327 
67 0.4495 0.4303 0 .4571 0.4867 0.4485 0.4519 0.4495 0.4495 0.4,495 
81 0.5897 0.5817 0.5952 0.6214 0.5889 0.5919 0.5897 0.5897 0.5897 
') '! 0.5707 0.5818 0.5780 0.6052 0.5697 0.5737 0.5707 0.5707 0.5707 
112 0 .li929 0.5183 0. 5032 0.5258 0.4918 0.4956 0.4929 0.4929 0.4929 
lJ6 0 .4118 0.4395 0.4227 0.4357 0. 4115 0.4121 0. 4118 0.4118 0. 4118 
149 0.4388 0.4595 0.4499 0.4631 0.4385 0.4392 0.4388 0.4388 0.4388 
156 0.5147 0. 5131 0.5251 0.5408 0.5141 0.5153 0.5147 0.5147 0.5147 
173 0.6129 0.6056 0.6169 0.6307 0.6123 0. 6133 0.6129 0.6129 0.612g 
178 0.6400 0.6400 0.6400 0.6400 0.6400 0.6400 0.6400 0.6400 0.6400 
* Values of Parameters are shown in Table 3.5 
** Only the Indicated Value is changed, while others remain unchanged as in Table 3.5 
Tab].c 3.6g.Sensltivity of Org~nlc-P Distribution to the Ch~nge of Various Parameters. 
--··-------
I_-----------------·--- -· Organic P (mg/ 9-) ---·-· . ···-----···----·-·--···· -----· I :fode I **E:f=800 £2=56 i k5-0.018 k 7-o.004 rp=0.010 k9-0.14 rc·0.08 k0=16 I 
I. 
~umber 
2 
18 
26 
47 
48 
49 
67 
81 
92 
112 
136 
149 
156 
17"3 
178 
Result 
0.0900 
0.0900 
0.0938 
0.0972 
0.0963 
0.0975 
0.1254 
0.1526 
0.1423 
0.1144 
0.0996 
0. 1102 
0. 1434 
0.2088 
.0.2400 
0.0900 
0.0930 
0.0976 
0 .1033 
0.1021 
0.1034 
0.1300 
0.1557 
0 .1511 
0.1261" 
0.1081 
0 .1193 
0.1473 
0.2089 
0.2400 
k.~0.0042 
4 
-- ·---·--·---------- -----·--··---·-···---· -··--------, 
0.0900 0.0900 0.0900 0.0900 0.0900 0.0900 o.n~no . 
0.0909 0.0909 0.0866 0.0912 0.0909 0.0909 O.d909 I 
0.09)8 0.09)8 0.0850 0.0945 0.0918 0.09)8 ().(It}"\.~ 
o.0972 o.0972 o.0846 o.o9~~ o.0972 0.0972 o.u:u~ I 
0.0963 0.0963 0.0838 0.09t4 0.0963 0.0963 0.0963 
0.0975 0.0975 0.0848 0.0986 0.0975 010973 U.0975 I 
0.1254 0.1254 0.1105 0.1268 0.1254 0.1234 0.1254 
0.1526 0.1526 0.1399 0.1539 0.1526 0.1526 0.1526 
0.1423 0.1423 0.1271 0.1438 0.1423 0.1423 0.1423 
0.1144 0.1144 0.0961 0.1160 0.1144 0.1144 0.1144 
0.0996 0.0996 0.0826 0.1002 0.0996 0.0996 0.0996 
0.1102 0.1102 0.0919 0.1108 0.1102 0.1102 0.1102 
0.1434 0.1434 0.1221 0.1441 0.1434 0.1434 0.1434 
0.2088 0.2088 0.1957 0.2092 0.2088 0.2088 0.2088 
0. 2400 0.2400 0.2400 0.2400 n '> ,. nn ,., • 4'""1'VV 0. 21 .. 00 0. 2400 
* Values of Parameters are shown in Table 3.5 
** Only the Indicated Value is changed, while others remain unrhanged as in Table 3.5 
ral1lc 3.6h.Sensitivity of Inorganic-P Dlstribution to the Change of Various Parameters. 
. ·-· . --· - _.,._ •.. -·· - ----·--·- --- ---·--· 
--------·-- --·-···--·-------
Inorganic p (mg/i) 
1-- ... -·- ·- .. ----·-- ----------- - --· --- ------- ---------~--- -- -· ------- -··------- -------
I \'.t1d1.• ;~C.11 ihrated **q =800 
~-:ur:.he r R0sult e:z=5f> k4=o .OOtl2 k5=0.01s k7=0.004 r =O.OJO k9=0.14 r =0.08 k 0=16 p C 
-----·---- ·---·--------- -----·-- ·-·-··· --------·--·-·------- -- ····--
2 0.0300 0.0300 0.0 WO 0.0300 0.0300 0.0300 0.0300 0.0300 0.0300 
18 0.0286 0.0286 0.0286 0.0286 0.0326 0.02!+9 0.0286 0.0286 0.0286 
26 0.0309 0.0308 0.0309 0.0309 0.0390 0.0225 0.0309 0.0309 0.0309 
I} 7 0.0321 0.0326 0.0320 0.0321 0.0435 0.0193 0.0321 0.0321 0.0321 "" V1
48 0.03J/~ 0.0325 0.0314 0.0314 0.0428 0.0185 0.0314 0.0314 0.0314 
49 0.0311 0.0320 0.0311 0.0311 0.0427 0.0179 0.0311 0.0111 0.0111 
67 0.0373 0.0376 0.0373 0.0373 0.0512 0.0203 0.0373 '0.0173 0.01/3 
81 0.0430 0.0433 0.0430 0.0430 0.0550 0.0275 0.0430 0.01 .. 30 0. 0'1 if) 
Y2 0.0424 0.0431 0.0/124 O.OU4 0.0568 0.0235 0.0424 0. 0,~24 0.0, .. L.4 
112 0.0454 0.0447 0.0454 0.0454 0.0629 0.0243 0.0454 0.0454 0.0454 
136 0.0617 0.0580 0 .0617 0.0617 0.0786 0.0510 0.0617 0.0617 0.0617 
l /f 9 0.0606 0.0569 0.0606 0.0606 0.0793 0.0500 0.0606 0.0606 0.0606 
156 ().0538 0.0506 0.0538 0.0538 0.0756 0 .04 '30 0.0538 0.0538 0.0538 
171 0.0124 0.0315 0.0124 0.0324 0.0459 Li1s 0.0200 0.0200 0.0200 0.0200 0.0200 0.0263 0.0324 0 .0324 0.0324 0.0200 0.0200 0.0200 0.0200 
* V.-11 Ut~s of Parameters are shown in Table 3. 5 
,'o'c Unly the Indicated Value is changed, while others remain unchanged as in Table 3.5 
Tnhle 3.61.Scnsitivity of CBOD Distribution to the Chnngr of Various Parameters. 
,-------·-·- --------
1 CBOD (mg/1) ---1 
1--- ----. --- --------· ···-------------------····-------· I :-:(", 1 l' 
;~1i, .. ber 
:·-c.:11. i bra ted 
RL"sult 
**E1=800 
£2=56 
------· -· -· .. -· ··--·-·- -··---- ----·---·---··-----------
2 
18 
26 
47 
l+8 
L+9 
(> 7 
81 
92 
lll 
136 
1 !~9 
J56 
173 
178 
1.6800 
1.6220 
l. 6310 
1.6930 
1.6980 
1.6990 
2.0180 
2.4990 
'2.3290 
I. 8700 
1. 3310 
1. 2950 
1.3240 
1.5550 
1.7600 
1.6800 
1.6800 
1. 7458 
1.8526 
1.8602 
1. 8582 
2.1866 
2.5536 
2.4594 
2.0025 
1.4030 
1. 345 7 
l. 3728 
1.5863 
1.7600 
1.6800 
1. 6220 
1.6310 
1. 69 30 
1.6980 
1.6990 
2.018 
2. 4990 
2.3290 
1. 8700 
1. 3310 
1. 2950 
1.3240 
1. 5550 
1. 7600 
1. 6800 
1. 6224 
1.6312 
1. 6925 
1.6980 
1. 6993 
2.0807 
2.4992 
2.3288 
1. 8695 
1.3308 
1. 2954 
1.3239 
1.5546 
1. 7600 
* Values of Parameters are shown in Table 3.5 
---- -------·-·-·····--··-
r =0.010 k9=0.14 f> 
r =0.0~ k =lh 
C (1 
--- ---·- --···----- --------·-·--··--·-- -·-
1.6800 
l. 622!~ 
1.6313 
1. 6928 
1.6982 
1. 6995 
2.0809 
2.4994 
2.3290 
1. 8697 
1. 3309 
1. 2955 
1. 3241 
1. 554 7 
1. 7600 
1. r -~ '10 
1. h ') 
l. (, 10 
1.6';;2) 
l.6'.:77 
1.6990 
2.0803 
2.4989 
2.3283 
1.8690 
1. 3307 
1.2953 
1.3238 
1.5545 
1.7600 
l. 68()0 
1. I+<) 39 
1. 3731 
1. 3920 
1. 33 36 
1. 3 324 
1. 6619 
2.1472 
1. 9065 
1.3706 
0.9532 
0.9357 
0.9864 
1. 3823 
1. 7600 
1.6800 
1.6283 
1.6437 
1.7119 
1. 7180 
,1.7198 
2 .106!+ 
2.5232 
2.3573 
1.8982 
1.3425 
1.3069 
1. 336 3 
1. 5628 
1. 7600 
l. 68(<) 
1.n2:2~ 
1.6312 
1.69/6 
1.69,:-:o 
l. i;9cn 
2 .u807 
:~ .4997 
2. 321-:<B 
1. 8695 
1.3308 
1. 295'-. 
1. 32]9 
1.5546 
1. 7600 
** Only the Indicated Value is changed, while others remain unchanged as in Table 3.5 
O'\ 
O'\ 
Tabh~ 3.6j.Ser1-;itfvity of DO Deficit Distribution to the Chnn~e of Various Paramc>ters. 
i-- D.O. Deficit (mg/i) 
1 .. ----- ·-· --------- ··-·-· - -- -··-. 
: NoJ12 1,Cal i.bratu.l :dcq_=800 
Number Result £2=56 r =0.08 k =16 
C 0 
-------- ------·-------------·----·------
2 
18 
26 
47 
48 
49 
67 
81 
92 
112 
136 
llf9 
156 
, 7 'l 
.L' J 
178 
0. 7800 
0.9142 
1.1030 
1.2750 
1.2440 
1.2470 
1. 4340 
1.4120 
1. 46 70 
1.8900 
2.0590 
1. 9380 
1. 9300 
l. 5 740 
l.1000 
0. 7800 
0.8492 
0.9946 
1.1544 
1.1351 
1.1391 
1. 3397 
1.3946 
1. 4501 
1. 7953 
2.0405 
1. 9457 
1.8705 
1.4880 
1.1000 
0. 7800 
0.9229 
1. 1230 
1. 3050 
1. 2740 
1. 2760 
1.4640 
1.4320 
1. 4910 
1. 9300 
2.0980 
1. 9760 
1. 9670 
1.5890 
1.1000 
0.7800 
0.9761 
1. 2051 
1.3942 
1.3580 
1.3600 
1. 5593 
1. 5235 
1.5801 
1. 9995 
2 .1309 
2.0039 
2.0077 
, , ..,.n,.. 
J.. 0 .)':1 ::> 
1.1000 
* Values of Parameters are shown in Table 3.5 
0.7800 
0. 9110 
1. 09 58 
1.2628 
1. 2 320 
1. 2339 
1. 4196 
1. 3996 
1. 4520 
1.8744 
2.0548 
1.9331 
1. 9207 
1.5662 
1.1000 
0. 7 800 
0. 9203 
1.1191 
1.3024 
1. 2726 
1.2761 
1.4725 
1.4446 
1.5086 
1. 9314 
2.0630 
1. 9422 
1. 9367 
i.5806 
1.1000 
0. 7800 
1. 0169 
l. 3031 
1.5456 
1. 5078 
1. 5108 
1. 7522 
1. 6 701 
1. 7599 
2.2568 
1. 31 76 
2.1669 
2. 1635 
i. 7i65 
1.1000 
0.7800 
0. 8103 
0.8708 
0.9246 
0.8983 
0.8918 
'0.9569 
0.9993 
0.9818 
1.3299 
1. 8244 
1.7255 
1. 6910 
L.:..206 
1.1000 
** Only the Tndicated Value is changed, while'others remain uncl1anged as in Table 3.5 
0.7800 
0.7998 
0.8791 
0.9475 
0.9020 
0.8999 
1.0650 
1.0753 
1.0380 
1. 3411 
1. 2921 
1.1414 
1.2065 
1.26S6 
1.1000 
°' -...J 
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Table 3. 7. General Pattern of 1 :m,:1.•d ia te Change of Biogeochemical 
Water Quality Components Subject to the Change in 
Components and in Parameters. 
( Notations: t = value increase, +=decrease, + incre.or d~crease) 
Water Quality Constituents 
and Parameters 
t Phytoplankton Growth Rate,k t 
______________ __,g"-1 ,-.---,1-------,---------------
Michaelis - N Constant, 
Michaelis - P Constant, 
k t 
mn 
k t 
mp 
Phytopl. Respiration Rate,k t 
r 
Zooplankton Grazing Rate, k t 
7. 
t 
t 
Org N-NH 3 Hydrolysis Rate,k4 
,···-
t "' 
+ t t t 
t t t 
t t 
t t 
t 
'-----------------------·-----
N - Chlorophyll Ratio, r t 
n 
NH3-No3 Nitrificat:lo Rate,k 5 t 
t 
t t 
--------+---------------------
Org P-Inorg P Conver Rate,k 7 t 
P - Chlorophyll Ratio, 
CBOD Oxidation Rate, 
C - Chlorophyll R3tio, 
Photosynthetic Quotient, 
Respiratory Quotient, 
Reaeration Coeff., 
Chlorophyll, 
Organic N, 
Ammonia N, 
Nitrite-Nitrate-N, 
Organic P, 
Inorganic P, 
CBOD, 
r t 
r t 
C 
k0 + p 
c3 t 
c4 t 
cs t 
c6 t 
c7 t 
CB t 
c9 t 
+ 
--
DO Deficit, 
____ c_o_+_L ____ _ 
t 
t 
t 
+ 
t 
t t ... t 
"' 
t + 
+ t 
+ t t 
··~··-· 
"' 
t 
i t 
+ 
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Appendix A. Summary of Water Quality Data 
The water quality data from the intensive field survey 
during July 15,16,20 and 21, 1976 and two slack water runs on 
August 23 and 24 were sampled at several depths at each station~ 
This appendix only presents the data near surface and bottom in 
two slack watE!r runs. Due to voluminous data the presentation of 
the intensive survey observation is omitted. The reader is 
referred to the original set of field data stored in the Depart-
ment of Physical Oceanography & Hydraulics of VIMS for more 
information. 
Table Al. Biogeochemical Water Quality of Two Slack Water Runs. 
(In each space below, the first and the second row present respectively the values near the surface and the 
bottom of the river. Note that the value with * is sampled near the middle depth. Temp.=Ternperature, 
Sal.=Salinity, SRP=Soluble React i.ve Phosphorus, TP=Total Phosphorus, Ammon-N=Ammonia Nitrogen, Ni-N= 
Nitrite-Nitrogen, :<a-N-=~:it·ratt~·-Nitrogcn, TKN=Total Kjeldahl Nitrogen, Chlor=Chlorophyll "a", FC=Fecal 
Coliform, DO=Dissolved Oxyg,-n ,crnd BODS=S-clay Biochemical Oxygen Demand. ) 
--------·------ ...• ----·-----
Time Locativn Tcrnp. S;tl. SRP 0 • 
_D_a_t_e~/_H_ou_r _______ c __ ~P~-~ff1;{1 
23/8 15.6 JIB 
15.7 JlC 
16.2 Jl. lC 
16.3 Jl.lA 
16.6 JEl 
16.8 JLI5A 
17.0 Jl.15B 
J7.l Jl. 2B 
21.6lt: 
21. 40* 
22.51* 
21. 42* 
21. 06* 
21.42* 
21. 97* 
21. 22* 
0.05 
0.05 
0.07 
0.05 
0.04 
0.06 
0.07 
0.07 
0.06* 
0.05 
0.05 
0.06 
0.06 
TP Ammon-N Ni-N Na-N TKN Chlor FC DO Df'IJ"'\C:. LJVUJ 
mg(_l ____ m_g_/1 __ ~-m~g_/_l __ m~g~~/_l ___ m_g~/_l ___ P~P_b ___ MP __ ~~·/_l_O_O __ m_l----'mgl_!__~_!_ 
0.05 0.09 0.02 0.12 0.47 13.65 9.1* 10.6 4.28 
0.05 0.19 0.01 0.07 0.32 3.99 11.0 4.44 
o. 04* 
0.04 
0.04 
o.os 
0.06 
0.06 
0.06 
0.07 
0.05 
0.05 
0.06 
0.06 
0.09 
0.15 
0.25 
0.22 
0.08 
0.14 
0.15 
0.08* 
0.31* 
0.36 
0.30 
0.16 
0.25 
0.01 
0.01 
0.01 
0.01 
0.01 
0.02 
0.01* 
0.01 
0.01 
0.01 
0.02 
o. 10 
0.07 
0.06 
0.13 
0.10 
0.11 
0.12* 
0.08 
0.08 
0.13 
0.11 
0.25* 13.23 
4.20 
0.33 
0.40 
8.40 
6. 30 
0.38* 13.65 
10.82 
0.39 
0.24 
0.38 
0.52 
0.33* 
0.38 
0.32 
12.18 
5.88 
8.40 
4.41 
8.82 
4.41 
3* 
3.6* 
43.0* 
20.0* 
n , .,. 
7 • ..... 
3.6* 
15.0 
9.0 
8.55 
4.73 
7.2* 0.15* 
Table Al (Cont'd) 
Time Location Temp. Sal. SRP TP Ammon-N ~i-~! Na-N TKN Chlor FC DO BODS 
Date/Hour oc EEt m1~/ l __ m't!t._/ l m13._/ l _ mg/1 mg/1 ms/1 EEb MP~/100 ml mg/1 mg/1 
23/8 17.3 Jl. 2D 21. 47* 0.24 0.26 0.84 0.01 0.09 1.07 3.78 0.07 0.11 0.43 0.01 0.09 0.40 4.20 
17.4 JNl 20.00* 0.05* 0.08* 0.11* 0.01* 0.06* o.42* 14.91* 
17.8 Jl.25A 20.16* 0.05 0.03 0.17 0.01 0.10 0.34 10.92 230.0 0.06 0.07 0.27 0.01 0.11 0.35 6.72 230.0 
17.9 JI. 25B 17.87* 0.04 0.04 0.05 0.01 0.13 0. !+ 1 8.61 3.6* 0.05 0.10 0.16 0.02 Q.16 0.41 4.41 
18.1 J2B 17.40* 0.04 0.04 0.17 0.01 0.11 0.23 12.39 0.05 0.07 0.19 0.01 0.14 0.33 5.67 
0.04 0.04 0.11 0.01 0.12 0.42 5.88 ...... 18.1 J2D 3.6* N) o.os 0.04 0.16 0.01 0.12 0.35 3.78 
18.4 J2.5 0.04 0.04 0.07 0.01 o. 16 0.30 7 .14 · 0.06 0.07 0.15 0.01 0.13 0.38 3.57 
18.7 J3B 18.28* 0.05 0.05 0.01- o.oo 0 .17 0.22 2.94 0.07 0.06 0.02 o.oo 0 .15 0.26 0.21 
18.9 JJ.5 16.38* 0.04 0.04 0.01 o.oo 0.22 0.24 0.21 3.6* 7.0* 0.04 0.04 0.16 o.oo 0.22 0.20 1.05 
19.1 J4C 14.11* 0.03 0.04* 0.05 0.01 0.33 0.25 5.46 7.2 0.37* 0.04 0.10 0.01 0.26 0.42 3 .15 7.2 
19.5 J4.5 10.29* 0.01 0.03 0.07 0.01 o.42 0.29* 3.99 3.6* 5.2 0.15* 0.02 0.11 0.09 o.oo 0.35 3.99 6.8 
19.6 JSC 6.89* 0.02 0.03 0.08 0.01 0.54 0.39 4.22 7.8 0.03* 0.07 0.09 0.01- o.oo 0.49 0.37 0.63 7.5 
Table Al (Cont'd) 
Time Location Temp. Sal. SRP TP Ammon-N Ni-N Na-N TKN Chlor FC DO BODS 
Date/Hour oc EEt mg/1 m~/1 mg/1 ~/1 mg/1 mg/1 EEh MPN/100 ml mB/1 mg/1 
23/8 20.0 J6B 4.91* 0.03 0.07 0.16 0.01 0.97 0.37 2.94 6.0 0.86* 0.03 0.57 0.75 0.01 1.00 1.17 4.62 6.3 
20.2 J6 2.67* 6.6 7 .o 
24/8 09.3 JlC 24.25 0.01 0.04* 0.08 a.no 0.06 0.33* 5.76 3.0* 5.5 ? 'l 1 (\ " ril. " 1 .c n l"'\1 I"\ r. I 2.52 4.4 ._.., • 4V v.v~ V• .LU v.v1 v.u ... 
09.5 JIB 25.00 0.02 0.03* 0.07 0.00 0.03 0.17* 5.46 5.5 24.60 0.03 0.40 0.01 Q.06 4.62 5.2 
09.8 Jl. IC 24.95 22.64 0.02* 0.05 0.18* 0.61* 4.59* o.so 9.03 5.4 24.95 22.79 0.05 0.24 5.88 5.6 
24.85 22.04 0.04 0.18 0.01 o.os 3.36 93.0 5.7 '-J 10.0 Jl. lA 0.12* 0.32* 3.01* v.J 23.70 26.07 0.05 0.50 0.01 0.11 5.67 23.0 7.3 
10. 3 JEl 25.40 21.10 0.05 0.08 o. 25 0.02 0 .11 0.31 7. 77· 23.0 6.8 0.22* 24.45 22.14 0.06 0.04 0.13 0.01 0.11 0.32 6.51 9.1 5.2 
10. 6 Jl.15A 25.00 22.68 0.04* 0.05 0.12* 0.01* 4 99* 0.24 2.42* 3.6 4.6 0.03* 24.65 22.68 0.05 • 0.32 3.6 5.9 
10.9 Jl.15B 25.00 22.72 0.03 0.05. 0.13 0.01 0.06 0.37* 5.67 3.6* 6.3 24.25 22.88 0.03 0.07 o. i4 0.01 0.07 5.25 5.0 
11.1 Jl.2D 25.00 21. 91 0.05 0.06* o. 15 0.01 0 .12 0.40 3.57 5.4 24.85 22.16 0.05 0.24 0.01 0.11 0.35 4.41 4.9 
11. 4 Jl .2B 25.68 21.47 0.04 0.07 0.13 0.01 0.12 0.29 4.61 9.1 4.6 24.85 21.98 0.05 0.09 0.16 0.01 0.10 0.35 5.36 5.2 
11. 6 JNl 26.25 20.02 0.05* 0.11* 0.10* 0.01* 0.08* 0.38* 2.84* 4.8 3.57* 26.03 19.98 
, 
Table Al (Cont'd) 
-·---------· ... -·------- -
-nme Location Temp. Sal. SRP TP Amm0n-N ~d-N Na-N TKN Chlor FC DO BODS 
Date/Hour oc EEt mg/1 mill~/..!_ __ mt;/1 m~/1 mg/1 EEh MPN/100 ml mg/1 mg/1 
24/8 11. 8 JI. 25A 25.75 20.07 0.04 0.06 0.11 0.01 0.13 0.41 4.41 3.6* 5,6* 25.58 20.09 0.05 0.06 0.11 0.01 0.13 0.33 5.04 
----
12.0 Jl. 25B 25.75 20.73 0.05 0.06 0. 17 0.01 0.10 0.25 2.52 8.0 1. 62* 24.80 19.85 0.06 0.06 o. 16 0.01 0.09 0.35 6.51 5.2 
----·-· -·-
12.3 J2B 25.85 20.10 o.o.s 0.08 o. 16 0.01 0.12 o. 20* · 5.46 6.4 
'l r: ,n 'ln 'l "7 " ", n no 0. 16 0.01 o. i 2 6.09 5.3 LJe.lV LVeJ/ u.uo u.uo 
12.5 J2D 25.80 20.68 0.05 0.08* o. 14 0.01 0.10 0.27* 4.20 7.3 4.7 25.58 17.84 0.06 0.15 0.01 0.12 1.05 3.6 4.5 
12.7 J2.5 26.40 18.04 0.06 0.06 0.11 0.01 0.13 0.25 3.36 4.9 25.15 16.86 0.06 0.08 0.15 0.01 0.13 0.27 5.46 4.4 
25.68 16.92 0.04 0.06 0.09 0.01 0.12 0.25 6.09 5.5 -...J 13.1 J3B ~ 25.15 11.12 0.05 0.05 0.12 0.01 0.13 0.32 2.94 5.6 
13.3 J3.5 27.00 12.14 0.03 0.06 o. 10 0.01 0.22 0.13 3. 57· 3.6* 5.5* 26.20 8.70 0.04 0.04 0.07 0.01 0.21 0.33 2.31 
13.6 J4C 26.80 9.44 0.04* 0.05 0.08* 0.01* 0.26* 0.18 4.62* 5.6 0.53* 26.40 6.18 0.06 0.24 7.8 
14.0 J4.5 27.20 6.83 0.03 o. 04 0.11 0.01 0.58 0.26 2.94 7.0 26.95 5.06 0.03 0.05 0.11 0.01 0.31 0.19 2.35 7.2 
14.J JSC 27.00 5.92 0.02 0.05 0.08 0.06 0.33 0.21 9.87 3.0* 8.8 1.62 25.75 2.36 0.03 0.05 0.09 0.01 o. 33 0.42 3.26 8.0 0.49 
14.7 J6B 26. 75 2.43 0.02 0.06 0.08 0.01 0.67 0.28 2.73 8.3 0.69* 26.40 1.57 0.02 0.01 0. 10 0.01 0.63 0.28 3.36 7.6 
14.8 J6 27.10 1. 61* 0.03* 0.07* 0.10* 0.01* 0.36* 0.40* 5.88* 7.2 27.15 7.2 
